| INTRODUCTION
Cataract, a major cause of visual impairments and blindness worldwide, is often caused by the denaturation of proteins that are important for maintaining lens transparency. The ultimate outcomes of lens cloudiness include glare, contrast loss, and decrease in vision that subsequently leads to blindness. The major factors responsible for cataract include age, trauma, diabetes, and predisposing genetic factors. 1, 2 Congenital cataract (CC) has a prevalence of 1 to 6 / 10 000 live births worldwide. 3 Inherited forms constitute about 8.3% to 25% for CC. 4, 5 CC is genetically and clinically heterogeneous, occurs either in sequestered manner or as part of a syndrome, and follow both dominant or recessive inheritance pattern. 6 Currently, 36 genes are assorted to cause nonsyndromic CC, with autosomal dominant inheritance being the most prevalent form (Cat-Map database, see web resource). Here, we describe a multiplex Pakistani family (LUCC15) with CC cosegregating with a missense variant in the INPP5K (OMIM 607875) in an autosomal recessive fashion. INPP5K, abundantly expressed in human skeletal muscles and kidney, is involved in dephosphorylation of PtdIns, regulation of the actin cytoskeleton, 7 and myoblasts differentiation. 8 Recently, mutations in INPP5K have been associated with congenital muscular dystrophies together with CC, 8, 9 therefore, we utilized a zebrafish loss-of-function allele to further explore the role of INPP5K in the lens and skeletal muscles development. Pakistan. LUCC15 was enrolled from Sindh province of Pakistan.
| SUBJECTS AND METHODS

| Enrollment and clinical evaluation
Detailed family history, physical, and clinical examinations of all participating family members were performed. Brain and thighs magnetic resonance imaging (MRI), and electromyography were performed on one affected individual (V:5). Genomic DNA was extracted from blood samples for genetic analysis.
| Exome Sequencing (ES) and bioinformatics analyses
ES using genomic DNA sample from one affected member of family LUCC15 was performed as described previously. 10 To evaluate the protein evolutionary sequence conservation Clustal omega multiple sequence alignment (http://www.ebi.ac.uk/Tools/msa/clustalo/) was used. The Phyre2 server (http://www.sbg.bio.ic.ac.uk/phyre2/html/ page.cgi?id=index) was used for protein 3D structure.
| Zebrafish inpp5ka mutant
The zebrafish inpp5ka mutant line (sa1619) with c.1318C > T (p.
Gln440*) variant was obtained from Zebrafish International Resource
Center (ZIRC, Eugene, OR). In all studies, embryos were phenotyped without knowing the status of inpp5ka allele, and after studies, embryos were genotyped and genotype-phenotype correlation was performed. All studies in zebrafish were replicated at least 4 times on embryos from different matings.
| Immunohistochemistry
To determine the eye structure, 5 days-post-fertilization (dpf ) wild type (WT) and mutant zebrafish larvae were fixed in 4% PFA, and embedded in OCT (Tissue-Tek, Torrance, California) after dehydration. Serial sections (14 μm) were generated, and used for immunostaining with anti-zl-1 (ZIRC) antibodies (1:100), and counterstained with Alexa Flour 488 secondary antibodies (1:500), rhodaminephalloidin (1:300), and DAPI (1:1000) at room temperature (RT) for 2 hours. Slides were imaged using a Zeiss LSM DUO confocal microscope and analyzed using ImageJ software. For whole-mount staining, fixed 5 dpf larvae were incubated with Alexa 488- chromosomes, and is predicted to be pathogenic (Table 1 ). Molecular modeling suggested that p.(Ile50Thr) substitution may alter the protein secondary structure, causing an empty space in the core of protein, and loss of hydrophobic interaction ( Figure 1C ).
| Clinical findings
According to family medical history, all 3 affected individuals had bilateral CC. While this study was in progress, variants in INPP5K
were reported to cause congenital muscular dystrophy, intellectual disability, along with cataract in families from diverse populations.
8,9
Therefore, we re-evaluated all LUCC15 participating members to identify signs and symptoms of muscular dystrophy and intellectual disability. Two affected individuals had mild (V:03) and moderate (V:05) intellectual disability along with speech impairment (Table 1) .
Mild microcephaly (<25 percentile) was also noted in individual V:03.
Brain MRI of an affected individual (V:5) did not reveal any white (Table 1) . Collectively, these clinical findings suggest variable penetrance of intellectual disability, elevated serum creatinine kinase, and irritable myopathy along with CC, associated with p.
(lle50Thr) variant of INPP5K, in family LUCC15.
| Zebrafish inpp5ka mutants
To determine the role of INPP5K in lens formation and muscle development, we studied zebrafish mutant of inpp5ka. In zebrafish, there are 2 copies of inpp5k (inpp5ka and inpp5kb) encoding proteins with 48% and 44% identity, respectively, with hINPP5K. Recently, morpholino-based gene knockdown studies suggested role of only inpp5ka in lens and muscle development, 8, 9 therefore, we obtained zebrafish with an inpp5ka nonsense allele (p.Gln440*) from ZIRC for further studies. Apparent aberrations including, disorganized lens cortex, and cellular material in the center of the lens, were observed in the inpp5ka mutant (n = 30) when compared with WT controls (Figure 2A) . Furthermore, the diameter of the lens was relatively smaller in size in homozygous inpp5ka mutant (3.13 cm AE 0.73; n = 12) as compared to WT controls (3.76 cm AE 0.79).
Skeletal muscle labeling with α-BTX, that binds with acetylcholine receptors (AChR; post synaptic marker), in inpp5k2 mutant (n = 30) revealed highly variable phenotypes, which we categorized in 3 classes ( Figure 2B ). In class I, AChR clustering is very similar to WT with wellorganized and densely packed muscle fibers. Class II larvae had reduction both in AChR cluster size and density of neuromuscular junction synapses ( Figure 2B ). Class III was the most severe form with less elegant branching on the myotome, no AChR clusters, along with structural aberrations in myofibers ( Figure 2B ), a phenotype resembles with the results obtained from zebrafish morphants. 8, 9 In our study, majority of the inpp5ka mutants belongs to the class I (46%), while 23% and 30% embryos were in class II and III, respectively. Recently, INPP5K mutations were reported to cause CC with muscular dystrophy, and intellectual disability (OMIM 617404). 8, 9 The clinical index of these patients, include early onset bilateral cataract, delayed development, muscular atrophy, mild intellectual impairment, high serum creatinine kinase, aldolase, and alkaline phosphatase levels. Electromyography revealed a range of variability in muscle fiber diameter, shape and rarely centered dispersed nuclei in few patients. 8, 9 However, these clinical findings were highly vari- Zebrafish inpp5ka morphants are reported to have severely disorganized cortex, and small lens, thin and wavy myofibers in skeletal muscles with reduced synaptic junctions. 8, 9 Our inpp5ka germline mutants had highly variable lens and skeletal muscle abnormalities ( Figure 2 ). There are several possibilities to explain these phenotypic differences, including that p.Gln440* variant only deletes terminal 12 amino acids and hence could be a hypomorph. Secondly, reverse genetic studies have shown poor phenotypic correlations between zebrafish morphants and mutant strains, perhaps due to non-specific morpholino effects or other epigenetic factors. 12 Also, it is worth mentioning that, considering the shared environment, highly variable skeletal muscle phenotype observed in zebrafish inpp5ka mutants further support the notion of genetic modifier(s).
| DISCUSSION
In conclusion, our findings further support the essential role of INPP5K in the lens and skeletal muscle development in humans and zebrafish. Further studies will be needed to contribute a clear mechanistic understanding of how INPP5K participates in the structural development and function of skeletal muscles and lens.
